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INTEGRATED LOOP ANTENNA FOR VEHICULAR APPLICATIONS 

BACKGROUND OF . THE INVENTION 

The present invention relates to a vehicular antenna 
system and, more particularly, to a system that includes 
a configuration for a loop antenna which enhances 
5 reception performance. 

Antennas integrated into parts of a vehicle are. 
known. One approach is to use the de -misting heater grid 
on the rear screen as part of the antenna; see Japanese 
Patent Application No. 13/22005. Such an arrangement may 
10 be used with a separate element for AM reception; see EP 
Patent Application No. 0 155 647, 

Some vehicles provide a suitable dielectric surface 
onto which a dedicated antenna element pattern can be 
formed. One example is the rear quarter window on a ^ 
IS station wagon (estate car) . Such windows are fixed, 

which allows the printing of a suitable antenna pattern. 
For example, the use of separate patterns to provide FM 
and AM radio reception was proposed in US Patent 3,771, 
159. Combining a pattern on a side window with, elements 
20 on other windows to improve pattern coverage was proposed 
in BP Application No. 0 854 533. 

A major problem with implementation of an antenna 
element on a rear quarter window of a vehicle is polaris- 
ation. Often the signal feedline needs to connect to the 
25 bottom of the window because of space limitations at the 
top and sides of the window frame. This means that the 
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primary antenna currents are extending vertically, and 
there then exists correspondingly less horizontal 
polarisation ("horizontal polarisation- here signifying 
the horizontally-polarized component of the antenna 
5 signal) . This causes problems for markets where 
broadcast signals are predominantly horizontally- 
polarised. 

SUMMARY OP THE INVENTION 

The present invention is a loop- type screen antenna 
10 that at least in its preferred embodiments is intended to 
address the foregoing problems. 

A vehicular screen antenna of the invention As 
adapted to be fitted to a vehicle so as to extend 
generally vertically, and includes a conductor extending 
on a dielectric. The conductor is configured as a loop 
having entry and exit segments that extend proximate each 
other from the loop towards an edge of the dielectric and 
are oriented on the dielectric so as to extend generally 
. vertically when the dielectric is fitted to a vehicle. 
During use of the antenna, a horizontally-polarized com- 
ponent of a linearly-polarized signal on the antenna has 
a magnitude at least approximating that" of a vertically- 
polarized component of the signal. The words "generally 
vertically" are intended to be interpreted broadly herein 
to mean "at a substantial angle to the horizontal 0 . 

preferably, the entry and exit segments join the 
loop proximate each other and a corner of the loop. 
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preferably, when the dielectric ie fitted to the 
vehicle, the first edge, of the dielectric is a bottom 
edge . in such arrangement, the entry and exit segments 
join the loop proximate each other and a corner of 

the loop. 

Preferably, the dielectric ie a window of the 
veiiicle- . 

in a first ^embodiment, at the first, edge of the 
dielectric the entry segment may be adapted to connect to 
a feedline, and the exit segment adapted to connect to 

vehicle ground.. 

In a second embodiment, at the first edge of the 
dielectric the 'entry segment .may be adapted to connect to 
a feedline, and the exit segment to connect to a stub 
segment that extends generally parallel to the. first edge 
of the dielectric for. capacitive coupling to, vehicle 
ground, m this eznbodiment * the -stub segment may be 
adapted to be separated ^ees than approximately 5mm from 
a vehicle ground surf ace proximate the first: edge of the 
dielectric . The' length; of the stub segment and" its 
separation distance: from the vehicle ground surface may 
be- selected such W segment is able to receive 
low-frequency broadest signals (LW/MW/sw) typically 
described as "AM- (below 6 MHz) . 

In a third' embodiment, at the first edge of the 
dielectric the entry segment, may be adapted to connect to 
» feedline, and the exit segment to connect to one end of 
resonator circuitry the other end of which connects to 
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vehicle ground. The resonator circuitry may be formed by 
a discrete electronic circuit that includes an inductor 
means and a capacitor means connected in series. The 
resonator circuitry may also include a tuning means* 
S Preferably, the antenna includes a switch means for 

disconnecting the exit segment from a signal ground and 
connecting it instead to the entry segment. 

The loop may have a generally rectilinear configur- 
ation. Preferably/ the loop is generally configured as a 
10 rectangle having its longer sides extending generally 
. horizontally when the dielectric is fitted to the 

vehicle. More preferably, when the dielectric is fitted 
to the vehicle, the loop is extends at between approxi- 
mately SOrara and approximately 100mm from the edges of the 
IS dielectric. 

The loop may be positioned generally centrally on 
the dielectric. 

Preferably, the dielectric is a rear window or a 
rear quarter window of a station wagon. More preferably, 
20 a signal feedline connectable to the entry segment is 

positioned on the body of the vehicle so as to be below a 
body aperture adapted to receive the respective rear 
window or rear quarter window and so as to be proximate a 
corner of the vehicle body. 
25 The antenna of the subject invention is what is 

known in the art as an ^electrically small* antenna, 
meaning that the operative length of the antenna is less 
than one-half wavelength of received signals. The 
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.ntenna of the p^e**-" «* «- " i0a " 
narticularly intended for breast fxeguenoy-aodulated 
^ signal reception, and "ore generally for handling 
signals with waveiSngtM.S to !0 ti«ee the operative 
5 antenna length, which brings thia antenna well within the 
cXaseificatioa of an electrically—11 antenna. Bleo- 
tricaliy—11 antennas are adapted to receive or 
^anea-it signals haying, vertical. *>d/or horizontal 
pola ri Z ation rather than circularly-polarised signals. 

bekip- DESCRIPTION OF THB DRAWINGS 
. Pre£ erred features of the present . invention will how 

w ascribed, hy way of lexeme only, with reference to 
the accompanying drawings, in which, - 
' Figure 1 illustrates a pattern of a first conven- 
es .' clonal screen antenna* 

F igure ^illustrates a pattern of a second conven- 
tional screen antenna,: and current flow in the antenna, 

Pig ure 3 illustrates a first eafcodircont of a screen 
mteo4 of this invention, ; the «tenna including a stub, 
, 0 ground ele»ent for; a, coupled ground connection,; 

Figure 4 illustrates current, flow in the;: first 
e^odinent of the screen, antenna of. this invention, 

Figure 5 illustrates a second embodiment of . <*. 
Bcreen antenna of this invention, the antenna including 
25 resonator circuitry at the ground connection, 

Figure 6 illustrates a third entoodim«t of the 
™ antenna of this^ invention, the antenna having a 
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direct ground connection and no stub ground element; 

Figure 7 is a graph comparing return loss for the 
loop antenna of Figure 3 (coupled ground connection) and 
the loop antenna of Figure 6 (direct ground connection) ; 
5 Figure 8 is a graph conparing the sensitivity of a 

loop antenna with that of a rod antenna for AM signal 
reception; and/ 

Figures 9(a) and 9(b) are polar diagrams illustrat- 
ing vertically-polarised and horizontally-polarised VHP 
10 signal reception, respectively, for the .antenna element 
of the subject invention in comparison, to a conventional 
antenna element. 

DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENTS 

One conventional type of screen antenna has an 
15 antenna element formed on a dielectric surface in an 

aperture of a vehicle body, as illustrated in Figure 1. 
The dielectric is normally 3 window. The antenna element 
is a simple monopole-type, fed at its baae. The antenna 
currents are split equally between the antenna element 
20 and the car body. When such an antenna element is used 
on a rear quarter window, greatest -magnitude currents 
flow mainly vertically, resulting in an antenna with 
predominantly- vertical polarisation. 

Another conventional type of screen antenna has an 
25 antenna element formed on a surface of a dielectric 8, as 
illustrated in Figure 2^ In this case, a vertical feed 
wire 10 extends upward from a feed connection point 12 
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. • , 4fm the vehicle body to form one 
with a signal feediine 14 on the . 

«dif a closed :iopp generally aes^ X,. ^ loop 

x6 furt he* collets. ,f ^o ? ;g-»W^- 

<4: ,n and a vertical, wire 22 
horiacntal wires 18 and .20, and ,a , _ 

. • • _ Tjjis can operate at . 

^rmin« the other eftd.of loop » . aiu 

however, _ cott f iquration can be 

i. not good. This, is because this configur 
1S now » l- shaped element having . 

considered equivalent , to, a simple L shaped . 

t |„„ fo a horizontal segment 
vertical segment connecting to a *°ris 
10 * A lef£ V. with the left end being an open 

that extends to the left, witn 

1 „ sue., d-- *°* » i ° n9 the horizo r 

~ witeB '» and 2 o are s»alX ci— with the current 
15 1W on the verticsX^wire 10, :P~r. hcrisontal 
polarisation is the result. , , „. 

co^ring the cc*enticnaX stature of F^, • 
with tbe Warr^ ^the pect ination shown 

invention consists 
in Figure 3, it can; be seen that the inven 
20 of cpenin g the 1 oo P »a .aai, 3 « i^. horironteV^ 
: a , another vertice^i* to is clceeXy spaced to. 

£eeo wire 10 . The wire 2* in one en^nehf of the 
mention ccniects tV a *tui> anteuua element « -tending 

y i**s thari 5mm from the 

.long the edge of the window, Xese 

v , -..v. W the stub antenna element 26 
25 vehicle body. . The- length of the stun 

25 j ^ at" the feed point and 

is adjusted to. give , a low impedance at the po 

~* fhe VHF band of interest. An 
at the centre frequency of the w 

. , .„ such as formed by a 
unbalanced transmission line 28, eucn.a 
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coaxial cable 29, feeds the antenna as shown in Figure 3, 
The fl tvb antenna element 26 is isolated from the rest of 
the antenna at low frequencies, enabling its use as an AM 
antenna (where -AM" here connotes low- frequency broadcast 
5 signals (LW/MW/SW) having a frequency below approximately 
6 MHZ) - 

Although the elements of the antenna loop have been 
described as being essentially horizontal and vertical, 
they might be angled for styling without major detriment. 
The antenna loop should be spaced away from the vehicle 
body to reduce excessive capacitive loading, yet be made 
as large as possible to increase bandwidth and reduce 
impedance. The separation between loop and car body 
needs to be optimized for each application, but is 

15 typically 50ram to 100mm. 

Typical resulting currents are shown in Figure 4. 
The current 18B along the wire 18 is much greater than 
• the current ISA of the closed loop of Figure 2, with a 
resultant increase in horizontal polarisation. As in 
20 Figure 2, the current diminishes with distance from 

signal feedline 14; however, the distance has now been 
increased by introducing a return path to ground. Cur- 
rents 10B and 18B are of comparable magnitude, but are 
each larger than the currents 22B, 20B and 24B on the 
25 respective return wires 22, 20 and 24. 

The excitation current of the loop element of the 
invention is actually a combination of two current modes. 
The first current mode is the "odd" mode, which is 
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Bimilar CO the conventional 1— of Figure 2. in which 

the return current to .round ia sero. «,e second e-rrent 

^ iB an "even- -de, whereby the current returning to 

gr ound connection point 26 is e^ei to the reed current. 

s The net effect i. a cognation of two -Odes, end the 

• ^ihetion will-depend upon the physical structure end 

■, _»i -„r ™«rition. Additionally, radi- 
uoon the wavelength of operation. 

, ' ' the "image" currents that flow in 

ation also depends upon tne rmag" 

the body, of the vehicle, close to connection point 12; 

10 however, such image currents are detained hy .the e»r- 
rent atmcture on the. aleaient. The image current. 3 0 » 
the conventional case .hewn in Figure 2 are , essentially 
ver tical. where,, the *«. currents 32 for the loop 
antenna of the subinvention, shown in. Figur* 4, have 

15 , K « two-dimensional nature, i ,e both horizontal and 

vertical* v":i'" y \. , 

k second ;«*odi~nt.:of the invention, is illustrated 

in Figure S. in this embodiment, ..the stub antenna 26 is 
not present, and the end of vertical wire 24 is connected 

2Q to ground through a discrete seris. resonan* circuit. 
The circuit-is illustrated ,in Figure 5 by an inductor L 
connected in series with *. capacitor C, - but any resonator 
element with similar properties, might: be used. This con- 
figuration maintains the VW performance but- also allows 

2S am reception, i.e. the resonator element gives an 'open 
circuit- at AH. The discrete series resonant circuxt 
^ include circuitry to. allow variable tuning for 
wider bandwidth. 
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If AM reception is not required, then stub antenna 
element 26 is not present. This is .a third embodiment of 
the invention," illustrated in Figure 6, in which a direct 
connection is made between return line 24 and a ground 
S connection point 34 on the vehicle body, proximate to the 
feed connection point 12. This embodiment (as well as 
the other two) may include an electronic switch 36 (shown 
schematically in Pig. 6) for connecting return wire 24 
with the feed line rather than the ground line. After 
10 such switching, the antenna operates in a similar way to 
the L- shaped antenna shown in Fig. 2. Thus, the inclu- 
sion of the switch 36 allows a switched performance for 
polarisation diversity, i.e. reducing the horizontal 
polarisation while maintaining the vertical polarisation. 

It has been found that if the loop antenna of the 
invention is placed in the rear quarter window of a car, 
improved omni-directionality can be obtained by placing 
the feed point to the rear. Horizontal components of the 
ground current can. then flow onto the rear of the vehicle 
body, below the window, and these enhance the horizontal 
component in the plane orthogonal to the window, thereby 
achieving good omni-directionality for both horizontal 
and vertical polarisation. 

Practically, the length of the antenna element on 
the dielectric is less than a wavelength, i.e. is less 
than the resonant length. This translates to a narrower 
bandwidth, as illustrated in the return loss graph of 
Figure 7; it is, however, wide enough for typical FM 
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reception b»d.idth.. aithough some additional aching 

^nna element 3* is present, is shown cohered 

( , „.„ he seen that the stub 

tfit h using a direct ground. 

s antenna element ^ """" f 

" ilm to the direct ground connection (a smell — of 

ls illustrated in Fig*. 8, using a high- i^edance 

rollfier to buffer the element. The coupled ground can 

< „ to tune the VHP receive ban* and to minimise 
10 be optimised to tune tue vn. t= . 

the ■ capacitive loading for AM reception. 

figures S(a) and 9(b) illustrate typical polar 
aiagram* for screen antennae printed on the rear garter 
- -tion wagon. ;Measu^nt — '< - £ 
1S f «both vertical and ; horizontal polarisations., using the 
^ proposed ioop decent: or Figure 3 against the conven- 
- tio nal loop ele*^ of Figure *. «tive ^ 
circuit^ was used in both, instances, providing around 5 dr 

' ' -'••/Jii.n -received levels . .recorded in 
of gain to each, antenna. tot*, recexye .. . 

20 dpi, . M expected, ib th. vertical plane «« new open- 
loep element performs similarly to a conventional closed- 
l0O p element. However, for the horisontal plane the 
mentions! closed-loop .lament is seen to. have a poor 
Rental component, while the new open-loOP- element is 

25 TO re omni-directional and provides greater horizontally- 

m. ,o aain in the vertical plane, 
polarised gain, comparable to gain in 

^ile the present invention has been described in 
it. Preferred embodiments, it is to be understood that 
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the word* which have been used are words of description 
rather than limitation, and that changes may be made to 
the invention without departing from its scope as defined 

by the appended claims. 
5 Each feature disclosed in this specification (which 

term includes the claims) and/or shown in the drawings 

be incorporated in the invention independently of 
other disclosed and/or illustrated features. 

The text of the abstract filed herewith is repeated 
10 here as part of the specification. 

A vehicular screen antenna includes a conductor 
extending on a dielectric, such as a window. The 
conductor is configured as a loop having entry and exit 
segments, the loop being positioned generally centrally 
on the dielectric. The entry arid exit segments extend 
proximate each other from the loop towards a first edge 
of the dielectric and are oriented on the dielectric so 
as to extend generally vertically when the dielectric is 
fitted to a vehicle. 
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CLAIMS: 



L. A vehicular screen antenna adapted to be fitted 
to a vehicle so as to extend generally vertically, the 
antenna comprising a conductor extending on a dielectric, 
tbe conductor being configured as a loop having entry and 
e^t 6 egments that extend proximate each other from the 
loop towards an edge of the dielectric and are oriented 
on the dielectric so as to extend generally vertically 
when the dielectric is fitted to the vehicle, wherein 
during use of the antenna, a horizontally-polarized 
component of a linearly-polarized signal on- the antenna 
has a magnitude at least approximating that of a 
vertically-polarized component of the signal. 

The screen antenna as in claim 1, wherein the 
entry and exit segments join the loop proximate each 
other and proximate a corner of the loop. 

3. The screen antenna as in claim 1, wherein, when 
the dielectric is fitted to the vehicle, the said edge of 
the dielectric is a bottom edge. 

4. The screen antenna as in claim 2. wherein, when 
the dielectric is fitted to the vehicle, the said edge- of 
the dielectric is a bottom edge, and the corner of the 
loop is a bottom corner. 
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5. The screen antenna as in any preceding claim, 
wherein the dielectric is a window of the vehicle. 

6. The screen antenna as in any preceding claim, 
wherein at the said edge of the dielectric the entry 
Beg ment is adapted to connect to a feedline, and the exit 
segment is adapted to connect to vehicle ground. 

7 . The screen' antenna as in any one of claims 1 to 
5, wherein at the said edge of the dielectric the entry 
segment is adapted to connect to a feedline, and the exit 
segment connects to a stub segment that extends generally 
parallel to the first edge of the dielectric for capaci- 
tive coupling to vehicle ground. 

8. The screen antenna as in claim 7, wherein the. 
stub segment is adapted to extend with separation dist- 
ance less than approximately 5mm from a vehicle ground 
surface proximate the said edge of the dielectric. 

9. The screen antenna as in claim 8, wherein the 
length of the stub segment and its separation distance 
from the vehicle ground surface are selected such that 
the stub segment ie able to receive low- frequency broad- 
cast signals. 



10. The screen antenna as in any one of claims a i 
S, wherein at the said edge of the dielectric the entry 
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segro) n t is adapts to connect to a feedline, -I the exit 
segI „ eot ie adapted to connect to one end of resonator 
circuitry the other .end of which connects to vehicle 

1X . The screen antenna as in claim 10, wherein the 
resonator circuitry ie a discrete electronic circuit 
coding an inductcr n.ans and a exciter caeans 
connected in series. 

12 . The screen antenna as in claim 10 cr 11, 

.„„ ^^cuitrv also includes a tuning 
wherein the resonator circuitry aj. 



means. 



13 . The screen antenna as in any preceding claim, 
vhe rein the antenna also oo^riees a switch means for 
^connecting the eo.it segment from a signal ground and 
connecting it instead to the entry segment. 

14 . The screen antenna as in" any preceding claim, 
herein the loop has a generally rectilinear configur- 
at ion. 

15 . Th. screen entenna as in any preceding claim, 
wherein the loop is generally configured as a rectangle 
taving its longer side, extending generally horizontally 
when the dielectric is fitted to the vehicle. 
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16 . The screen antenna as in any preceding claim, 
herein, when the dielectric is fitted to the vehicle, 
the loop extends at between approximately 50mm and 
approximately loo- fro* the edges of the dielectric. 

17 . The screen antenna as in any preceding claim, 
wherein the loop is positioned generally centrally on the 
dielectric. 

18 . The screen antenna as in any preceding claim, 
•Wherein the dielectric is a rear window or rear quarter 
window of a station-wagon type of vehicle. 

19 . The screen antenna as in claim 17, wherein a 
signal feedline collectable .to the entry segment is 
positioned. on the body of the vehicle so as to be below a 
body aperture adapted to receive the respective rear 
window or rear quarter window and so as to be proximate a 
comer of the vehicle body. 
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